ABSTRACT Data on the effect on mucociliary clearance of oral high frequency oscillation is conflicting. By means of a technique to superimpose high frequency oscillation on tidal breathing, changes in mucociliary clearance during high frequency oscillation were studied in seven normal non-smokers by monitoring the clearance of inhaled radiolabelled aerosol from the lungs. After inhalation of 5 ,um technetium 99m labelled particles under controlled conditions, whole lung clearance was monitored by scintillation counters half hourly for six hours with a final count at 24 hours, from which tracheobronchial deposition and clearance could be calculated. Control and high frequency oscillation studies were performed on separate days in random order. Oral high frequency oscillation was applied by a bass loudspeaker through a mouthpiece to superimpose sinewave oscillations (RMS input pressure 1.2 cm H20, mean pressure zero) on normal breaths. On high frequency oscillation days 30 minutes of oscillation alternated with 30 min of rest. Between 3 and 4.5 hours mucociliary clearance with high frequency oscillation exceeded control by about 10% (p < 0.05). The mean time taken to eliminate 90% of deposited radioaerosol from the tracheobronchial tree fell from 4 hours 50 minutes (range 1 h 52 min-6 h 50 min) during control to 3 hours 43 minutes (range 2 hr 28 min-5 hr 54 min) during the high frequency oscillation run (p < 0.05). Possibly this comfortable, simple technique would be of therapeutic benefit to patients with chronic sputum retention and merits further investigation.
Mucociliary clearance within the lungs is an important host defence mechanism operating between the terminal bronchioles and the trachea to clear inhaled and locally produced debris. Its effectiveness depends on the composition and characteristics of the mucus coupled with the beating of the underlying cilia. In the central airways mucociliary clearance is augmented by cough. Means of improving mucociliary clearance in disease have been based largely on modification of the characteristics of the mucus or increasing ciliary beat frequency, or both. Pharmacological intervention has met with relatively limited success' and effective physiotherapy remains the mainstay of treatment in patients with sputum retention.2 Vibration and percussion during conventional physiotherapy may act either by propelling the mucus into the larger airways or by altering mucus characteristics, which are known to change with vibration at various frequencies.34
In high frequency ventilation gas oscillates in the airways at frequencies of up to 30 Hz been described in full.'0 Monodisperse polystyrene particles (diameter 5 ,m) labelled unleachably with a gamma emitting radionuclide, technetium 99m, were inhaled by the volunteer subjects via the mouth under strictly controlled conditions. The initial topographical distribution of deposited radioaerosol in both lungs was ascertained by gamma camera with a wide field of view. The subjects' lungs were also viewed after the inhalation of krypton 81m to outline the lung margins. The topographical distribution of radioaerosol was expressed in terms of a penetration index, arbitrarily defined as the ratio of radioaerosol present in an outer (0) region to the amount present in the inner (I) region of the lung expressed relative to krypton: (O/I)Tc/(O/I)Kr. Deposition of the radioaerosol within the lungs was counted by anterior and posterior scintillation counters located within collimators with a wide angle field of view. Clearance of deposited radioaerosol from the lungs was monitored by taking counts half hourly for the initial six hour period, with a final count at 24 hours to determine alveolar deposition. During the high frequency oscillation study 30 minutes in every hour were spent on the oscillator with scintillation counts before and after each period. The initial high frequency oscillation period began within 20 minutes of inhaling the radioaerosol. Any coughs made during the six hour observation period were recorded.
The results were compared by Wilcoxon's test for paired differences as the number of subjects studied was small.
Results
Results of lung function tests, radioaerosol inhalation flow rate, alveolar deposition, and penetration index did not differ significantly between the control and high frequency oscillation study days ( 4 hours 50 minutes (1 h 52 min-6 h pressure phase to these oscillations. They reported in the control run to 3 h 43 min (2 h copious mucus secretions within the trachea in all 5 h 54 min) during the high frequency oscil-animals but, paradoxically, appreciably slower In (p < 0.05).
isotope clearance from all lung regions than in control studies performed during volume cycled ventilation. Total minute ventilation was unaffected. It Dn therefore seems that high frequency ventilation may have a definite but varied effect upon mucociliary we of radioaerosol from the lungs is inti-clearance. The present study suggests that oral high elated to the initial site of deposition; under frequency oscillation is effective at least in the healcondition particles in the proximal airways thy, awake, spontaneously breathing human subject. cleared faster than those deposited in the The mechanisms by which oscillations may George, Johnson, Pavia, Agnew, Clarke, Geddes assessment of regional clearance, the pattern of clearance suggests that oral high frequency oscillation may be effective in the peripheral airways, which are thought to be inaccessible to the effects of coughing. This preliminary study was confined to normal subjects. Further studies are required to confirm these observations and study the effects of oral high frequency oscillation on patients with excessive sputum production, for whom this technique might be of practical benefit both in hospital and at home.
